P oor adherence to treatment is one of the major determinants of an uncontrolled blood pressure (BP). According to the World Health Organization, only 50% of the patients with hypertension do take medication as prescribed. 1 Moreover, Յ50% of the patients with hypertension discontinue treatment within 1 year after initiation. [2] [3] [4] [5] Despite these alarming figures, several observations indicate that adherence to treatment is fairly high in patients who participate in a clinical trial. 6 So, there seems to exist a difference in adherence rates between "real-life" practice and clinical practice under experimental conditions, 7 suggesting that participation in a clinical trial increases adherence, at least to treatment. This positive reinforcement could be explained by the specific design of the study in which patients usually have to attend the clinic more often than usual. Indeed, we demonstrated recently that adherence rates increase significantly before an upcoming visit. 8 Alternatively, patients who are more engaged with their condition and treatment may be more willing to participate in a trial in which adherence is monitored. Consequently, patients may be more adherent upfront as compared to what is observed in a general population. All of these considerations may compromise the generalizability of trial-derived adherence results.
For the interpretation of adherence data, it is important to distinguish between 2 important aspects of drug intake behavior, the quality of execution and the degree of continuation of patients' dosing regimen. 2 The effectiveness and clinical power of pharmacotherapy in chronic diseases depend greatly on the degree of continuation (or persistence). However, when patients are engaged with treatment for a certain period of time, the quality of execution of the dosing regimen determines drug action.
To date, no information is available with respect to the effect of a clinical trial itself on adherence to treatment. This prompted us to investigate adherence and persistence profiles in patients with hypertension who had participated in a clinical trial, by collecting refill data before, during, and after participation in the trial. We hypothesized that during the trial adherence would be better as compared with that in the periods before and after the trial. In this analysis, we also included nontrial-related medication and investigated whether a possible increase in adherence during the trial period resulted in better BP control.
Methods

Study Population
We recruited participants who participated in the Home Versus Office Blood Pressure Measurements: Reduction of Unnecessary Treatment Study (HOMERUS) 9,10 between 2001 and 2005. The HOMERUS was a multicenter, prospective, randomized, doubleblind trial with a parallel-group design in which patients aged Ն18 years of age and whose office BP was Ͼ139 mm Hg systolic and/or 89 mm Hg diastolic were included. Participants were recruited from the outpatient departments of 4 participating university hospitals and affiliated general practices. Both previously treated and untreated patients qualified for inclusion. In all of them, secondary hypertension had been ruled out by laboratory investigation. At entry into the study, any existing antihypertensive therapy was discontinued whenever possible, and participants entered a placebo run-in period of 4 weeks' duration before study treatment was initiated. Study treatment was instituted stepwise based on BP according to the following schedule: (1) step 1, lisinopril 10.0 mg once daily plus 1 tablet of placebo once daily; (2) step 2, lisinopril 20.0 mg once daily plus 1 tablet of placebo once daily; (3) step 3, lisinopril 20.0 mg once daily plus hydrochlorothiazide 12.5 mg; and (4) step 4, lisinopril 20.0 mg once daily plus hydrochlorothiazide 12.5 mg plus amlodipine 5.0 mg.
Atenolol was prescribed to participants intolerant for lisinopril. The goal BP ranged between 120 and 139 mm Hg systolic and between 80 and 89 mm Hg diastolic. In participants who were above the target BP (ie, systolic Ͼ139 mm Hg and/or diastolic Ͼ89 mm Hg), antihypertensive treatment was intensified by 1 step. If BP was lower than the target (systolic Ͻ120 mm Hg and diastolic Ͻ80 mm Hg), treatment was reduced by 1 step. All of the drugs were prescribed to be taken in the morning. Participants were followed-up for 7 visits over a period of 1 year. 9 
Adherence Measurement
The total number of participants in the HOMERUS was 470. Of these, 228 participants, recruited by the coordinating center (Maastricht University Hospital) and surrounding general practitioners' practices, were included in the present study. Participants' filled prescriptions from computerized pharmacy systems were obtained from 1999 until 2010 (Figure 1 ). In the case where patients did not collect their drugs at the same pharmacy department during that period, other pharmacy departments were contacted to retrieve as many data as possible. Accordingly, we collected data for the 2-year period before the trial until 5 years after its completion. During the HOMERUS, proper adherence to antihypertensive medication was concurrently measured by both pill count and Medication Event Monitoring System (MEMS) V TrackCaps (Aardex Corp, Zug, Switzerland). The MEMS-TrackCap is an electronic monitoring system designed to compile the dosing histories of ambulatory participants who are prescribed oral medications. 11 Microelectronics integrated into the cap of pill containers record the time and date that the container is opened or closed. Because this is true for all indirect adherence monitoring systems, MEMS does not register pill consumption.
Filled Prescriptions
Prescription records obtained from the pharmacies included the names of all of the dispensed drugs, the Anatomic Therapeutic Chemical (ATC) classification system, prescribed daily dose, quantity dispensed at each pharmacy fill, and the dates of the prescription fills. A prescription fill covered a 90-day drug intake. We considered participants as continuous users when Ն3 consecutive prescriptions were filled. In addition, a gap between 2 consecutive prescriptions of Յ90 days after the theoretical duration of the prescription was allowed. 12 Participants who obtained their medications after this allowed treatment gap were considered as noncontinuous users for that specific drug.
Informed Consent
This study was approved by the review board of the University Hospital of Maastricht. Participants gave written informed consent before collection of the prescription records. Of the 228 participants who were invited to participate, 46 declined participation ( Figure 2 ). Consequently, prescription records were obtained from 182 participants. Procedures were followed in accordance with institutional guidelines.
Statistical Analyses
Refill adherence was calculated for each ATC code, 13 as the theoretical duration divided by the period between the start date and the date of the last prescription filled. The theoretical duration was calculated by dividing the number of units dispensed by the prescribed daily dose. Filled prescriptions in which no daily dose was registered or no theoretical duration could be calculated were excluded from the analysis. Arbitrarily, an adherence level of Ն90% was defined as acceptable. Participants with an adherence of Ն90% were then classified as adequate adherers, whereas participants with an adherence of Ͻ90% were classified as poor adherers. Adherence rates are presented as mean values, including SDs. Differences between the 3 periods (ie, before, during, and after the trial) in adherence rates were analyzed by pairwise comparisons with Bonferroni correction. Risk estimates on BP control were calculated for adherent participants before and throughout the study period. We considered continuation of the HOMERUS medication after the trial period in the case where participants filled these prescriptions within 90 days after termination of the trial. Persistence of these drugs was calculated as the length of time during which medication was taken. We used Kaplan-Meier curves to display persistence over time. To distinguish persistence for the different antihypertensive drugs used, we constructed Kaplan-Meier plots, which were formally tested with a Cox proportional hazards model. We also analyzed whether adherence rates obtained by pill counts differed between participants whose adherence had been monitored electronically by MEMS and those in whom only pill counts were used. During the clinical trial, adherence rates based on pill counts were calculated both in participants originating from the Maastricht region (nϭ228) and other centers (nϭ242), whereas MEMS monitoring was performed only in participants from the Maastricht region. Adherence rates obtained by pill counts were calculated for the aforementioned antihypertensive drugs, which were used in the HOMERUS. Adherence measured by pill counts was calculated as the percentage of the number of prescribed pills corrected for the number of returned pills divided by the period (in days) multiplied by 100%. A P value Ͻ0.05 was considered to be statistically significant. We used SPSS version 15.0 (SPSS, Inc, Chicago, IL) for all of the statistical analyses.
Results
Altogether, 228 participants who participated in the HOMERUS and whose adherence had been monitored both electronically and by pill count during the trial were eligible for this study. Of these, 46 withdrew or refused consent for various reasons (Figure 2) . Consequently, pharmacy refill data from 1999 until 2010 were obtained from 182 participants. Participant baseline characteristics at the time of inclusion into the trial are presented in Table 1 . Baseline characteristics of the 46 participants who did not sign informed consent did not differ from those in this study.
Refill data were available for 22 600 prescriptions. The monitored periods covered an average of 993 days (SD: 517 days), 250 days (SD: 71 days), and 1695 days (SD: 475 days), respectively, for the periods before, during, and after the trial. The mean number of drugs prescribed was 3.2, 3.6, and 5.2 for the periods before, during, and after the trial. Participation into the trial significantly increased refill adherence, from 90.6% to 95.6% (PϽ0.001; Table 2 ). After the trial period, refill adherence decreased again to 91.8% (PϽ0.001), a level that did not differ from the adherence before the start of the trial (Pϭ0.45). When we stratified for cardiovascular (ATC code C) and noncardiovascular drugs (ie, the remaining ATC codes) participation in the clinical trial increased adherence to noncardiovascular treatment, as well from 77.6% to 89.6% (PϽ0.001). After the trial period, refill adherence fell back to 84.1%, which did not differ from the adherence observed before and during the trial period. Differences in adherence to treatment between the periods for each ATC code were only significant for cardiovascular (C) medication and for drugs related to blood and blood-forming organs (B; Table 2 ). Drugs in the latter category were acetic salicylic acid, folic acid, and ferric salts.
We analyzed whether adherent participants were more likely to achieve BP control (BP Ͻ140/90 mm Hg) at the end of the trial period. Before the start of the clinical trial, 139 participants were prescribed cardiovascular medication. Of these, 106 participants (76%) were classified as adherent (adherence Ͼ90%) to cardiovascular medication and remained so during the trial period. Despite an adequate adherence level, 63 participants (59%) did not reach BP control during the trial compared with 43 (41%) participants who did (Figure 3 ). The chance of having a participant's BP controlled under the observation of an adequate adherence level was 0.68 (95% CI: 0.46 to 1.00).
We also analyzed whether the effect of participation in a clinical trial that aimed to study adherence to treatment was confounded by the use of MEMS monitoring. For this analysis we used pill counts derived from the entire HOMERUS population. Mean adherence as determined by pill counts during the trial was comparable in participants whose adherence had been monitored electronically by MEMS and by pill counts together (nϭ182) and in partici- 
20).
During the HOMERUS, cardiovascular drugs with ATC codes C03 (hydrochlorothiazide), C07 (atenolol), C08 (amlodipine), and C09 (lisinopril) were prescribed. Before the start of the trial, 57 participants (31%) were using drugs with the same ATC code as was used during the HOMERUS. The mean number of drugs used was 1.4 (SD 0.73). After the trial period, 150 participants (82%) continued using the HOMERUS medication for a mean period of 3.6 years (SD: 1.9). Of the remaining 32 participants, 13 subjects (41%) were switched directly from HOMERUS medication to other antihypertensive drugs, 4 participants (13%) dropped out during the trial, and 1 patient filled the prescription Ͼ90 days after termination of the trial. In 9 participants (28%), refill data were not available for the period after the trial, and in 5 participants (16%), antihypertensive medication was no longer indicated based on BP. The mean number of drugs used was 1.9 (SD 0.83). Figure 4 shows a Kaplan-Meier estimate of persistence after the trial period for the HOMERUS drugs. Median duration of continuation was 1424 days after termination of the trial. Persistence decreased during the first 1, 2, and 3 years after termination of the trial to 83%, 74%, and 68%, respectively. No differences in duration of continuation between the different drugs used were observed ( 2 ϭ2.21; Pϭ0.70). Participants who were classified as adherent (adherence Ͼ90%) based on refill data showed a longer persistence ( Figure 5 ). Median duration of continuation was 1000 days for nonadherent participants as compared with 1440 days for adherent participants. The chance that a patient would discontinue treatment early was 0.66 (odds ratio) for participants classified as adherent (95% CI: 0.45 to 0.98).
Discussion
The results from the present study in patients with hypertension demonstrate that participation in a clinical trial increases adherence to both study and nonstudy medication. In addition, continuation of study medication after termination of the trial seems to persist for a relatively long period.
Early discontinuation of treatment and poor adherence form a major barrier for long-term treatment of hypertension. Indeed, the World Health Organization stated that poor adherence severely compromises the effectiveness of treatment. 1 It is, however, remarkable that adherence levels as found in clinical trials are substantially higher than what is observed in real-life settings. 6 There are several explanations for the differences in adherence rates, as observed in observational studies and clinical trials. First, the specific study protocol of the clinical trial may motivate patients to follow their prescriptions more accurately. Especially when patients have to visit the clinic more often than usual, white coat adherence may have a positive effect on overall adherence to treatment. 8 Second, patients who are more concerned about their health and treatment may be more willing to participate in a clinical trial in which adherence is monitored. Finally, patients who are already adherent upfront may be more inclined to participate in a clinical trial. Our study shows that refill adherence before participation in the HOMERUS was already as high as 91%. For cardiovascular drugs, the adherence rate was 95%. These findings support the latter explanation for the difference in adherence rates found between clinical trials and observational studies. Despite the high adherence rate before the HOMERUS, participation resulted in a further increase in adherence. Interestingly, this effect was also observed with noncardiovascular drugs, suggesting that patient perception of illnesses and their treatments are positively influenced by participation in a clinical trial. The relatively long period of continuation of the HOMERUS drugs and the high adherence rate after termination of the clinical trial support this hypothesis.
Poor adherence to treatment is still considered a major determinant of an uncontrolled BP control. 14 -16 The results of our study showed that, despite a high adherence rate before and during the trial, the number of participants with an uncontrolled BP remained fairly high. This suggests that failure to reach BP control using a given drug regimen is not necessarily attributed to a problem of poor adherence to treatment. Treating physicians should be aware of this when being confronted with patients with an uncontrolled BP.
Although several studies have investigated persistence rates of antihypertensive drugs based on refill data, [3] [4] [5] comparing the results is difficult, because studies used different methodologies for calculating persistence rates. 12 Despite these differences, a consistent observation is that persistence decreases rapidly (Յ50%) within 1 year after initiation of antihypertensive treatment and continues to decrease in the following years. These data emphasize the importance of supporting and motivating patients to adhere to the prescribed treatment, especially in the early phase of treatment. Although our study also indicates that it is difficult for patients to continue the prescribed medication, the fall in persistence during the first year after termination of our trial was only 15%, which is below what is usually observed. [3] [4] [5] This suggests that a positive study effect on persistence to treatment is sustained for a short period of time.
We defined participants as adherent when adherence rates were Ն90%. Although this degree of adherence is considered fairly high for antihypertensive treatment, participants who were classified as nonadherent were significantly less persistent than those who were classified as adherent. These results underscore the importance of presenting data on adherence not exclusively for the supervised treatment period. 2 In this study, we used refill data from computerized pharmacy databases to calculate adherence rates. Refill adherence rates have been used extensively for the assessment of drug acquisition and dispensing. Compared with electronic monitoring, refill data provide researchers with a relatively simple method for investigating exposure to medication in large populations. [17] [18] [19] Moreover, this method is suitable for investigating long-term persistence to treatment and gaps in medication supply. 18 -20 Therefore, our conclusions are probably valid from a scientific point of view.
The results of our study must be interpreted within the context of its limitations. First of all, an effect of participation in a clinical trial on adherence to treatment may be compromised by the MEMS monitoring, as performed in our population. Several studies show that electronic monitoring increases adherence to treatment. [21] [22] [23] [24] [25] However, most of these studies had followed patients for only a short period of time, making it difficult to predict sustainability of a monitoring effect. [22] [23] [24] In our study, adherence rates based on pill counts were comparable for participants whose adherence had been monitored electronically by MEMS as well as by pill counts and for those in whom adherence had been monitored by pill counts only. These results may suggest that electronic monitoring has a limited effect on adherence to treatment during a trial. Consequently, the effect on adherence may be attributable solely to participation in the trial. Whether this is true for patients who are less adherent than what is observed in our study is not clear. Second, and this is true for all methods of adherence measurement, discarding of drugs is difficult to prove when using refill data. Third, generalizability of the results might be compromised by the specific selection of study subjects. We included participants from a population that had already participated in a clinical trial. The possibility exists that these patients are more inclined to participate in another study than patients who have not participated in a trial yet.
Perspectives
Generalizability of adherence results is an important issue in research. The results of our study underscore the difficulties in interpretation and implications of adherence data into clinical practice. Participants in our study showed high adherence rates upfront and during the trial. Treating physicians should be aware that adherence rates observed in clinical trials do not represent a real-life setting. In addition, selection of highly adherent patients may confound the effectiveness of intervention strategies for improving adherence. Whether improvement in adherence could be more substantial in populations with adherence rates that are lower than the high adherence rates that we observed should be subject to further research. Because these patients are probably less inclined to participate in a trial, it will be a challenge for researchers and physicians to include them into a trial.
